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UNDER WATCR TOEAniENT 



This inventioa relates lo an electrosurgica] insmiment for the treatment of tissue in the 
presence of an electrically-conductive fluid mcdiuro, to elecirosurgical apparatus including 
5 such an instfument, and to an electrode unit for use in such an instrument. 

Endoscopic electrosurgery is useful for treatif^ tissue in cavities of the body, and is 
normaBy pertbrmed in the presence of a distension medhim. When the distension medium 
is a liquid, this is commonly referred to as underwater elcctrosurgcfy. this tenn denoting 
10 clectrosurger\- in which Hving tissue is treated usng an electrosurgical instrument with a 
treatment electrode or electrodes immersed in liquid at the operation site. A gaseous 
medium is commonly employed when endoscopic surgery is performed in a distensible 
body cavity of larger potential vohime in which a liquid medium would be unsuitable, as 
is often the case in hiparoscopic or gastroenterological surgery. 

15 

Underwater surgery is commonly performed using endoscopic techniques, in which the 
endoscope itself may provide a conduit (commonly referred to as^a workii^ channel) for 
the passage of an electrode. Alternatively, the endoscope may be spedficalW adapted (as 
in a resectoscope) to include means for mounting an electrode, or the electrode may be 

20 inuoduccd into a body cavity via a separate access means at an angle vwth respect to the 
endoscope - a lechmque commonly referred to as iriangulation. These variations in 
technique can be subdivided by surreal sped^fity* where one or other of the techniques 
has particular adxwtages given die access route to the specific body cavity. Endoscopes 
with imegral wrking channels, or those charaaerised as resecioscopes. arc gencraUy 

25 employed ulieo the body cavity ro^ be accessed throu^ a natural 
as the cerwal canal to aa«s5 the endomctfial cavhy of the uterus, or tte 
the prostate gland and the bladder. Endoscopes specifically dcogned for use in the 
ndometrial cavity are referred to as hysteroscopes, and those designed for use in the 
urinary iraa include cystoscopes, urctlffoscopes and rcscctoscopes. The procedures of 

30 " transurethal rescaion or valorisation of the prostata 

respectivdx'. When there is no natural body opening through which an endoscope may be 
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passed the technique of triangulaiion is coiriinoniy emplo>*ed. Triangulation is coininoniy 
us d durinu underwater endoscopic surgery on joim ca\ities such as the knee and the 
shoulder The~ endoscope used in these procedures . is commonly referred to ai an 
arthroscope. 

5 

Electrosurgery is usually carried out using either a monopolar instrument or a bipolar 
instrument. With monopolar dcctrosurgcry. an aaive electrode is used in the operating 
region, and a conductive return plate is secured to the patient's skin. With this 
anangement, current passes from the acth^e electrode through the patient's tissues to the 

10 extemal return plate. Since the padent represents a significant poition of the drciut, input 
power levds have to be high (typically 150 to 250 watu). to compensate for the resistive 
currcm limiting of the patienfs tissues and, in the case of underwater electrosurgery. power 
losses due to the fluid medhim which is rendered partially conductive by the presence of 
blood or other body fluids. Using high power with a monopolar arrangement is also 

1 5 hazardous, due to the tissue heatiiuj thai occurs at the return plate, which can cause-severe 
skin bums. There is also the risk of capadth^ coupling between the instrumcm and patient 
tissues at the entry poim into the body cavity: 

With bipolar elearosurgcry. a pair of elecuodes (an active electrode and a return 
20 dearode) are used together at the tissue application »te. This arrangement has advantages 
torn the safety, standpoint, due to the relative proxhnity of the two dectrodes so that radio 
frequency currents are limited to the r^on between the dectrodes. However, the depth 
of effect is cfirectly related to the distance between the two electrodes; and, m applications 
r qiuring very sinandectnHles, the imcr-elecirode spacing becoincs very sm^ 
25 linuting tissue cffca and the output power. Spadi« the electrodes fbrthw 

often obscure vision of the application site, and would require a modification m surgical 
techmque to ensure direct conftet of both dectrodes with the tnsue. 

Th re are a number of variations to the basic design of the bipolar probe. For example, 
30 U.S. Patent Spedfication No.4706667 describes one of the fimdamentais of the desi^ 
namdy that the ratio of the comaa areas of the return dectrode and of the active dectrode 
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IS greater than 7: 1 and smaller than 20: 1 far cutting purposes. This range relates only to 
cutting electrode conftgurati ns. When a bipolar instrument is used for desiccation r 
coagulation, the ratio of the contact areas of the two dQctrodes-may be reduced to 
approximately 1 : 1 to avoid differential electrical stresses occurring at the contact between 
5 the tissue and the electrode. 

The dectrical junction between the return etectiode and tissue can be supported by wetting 
of the tissue by a conductive sohitton such as normal saline. This ensures that the surgical 
effect is limhed to the needle or active electrode, with the electric circuit between the two 

1 0 electrodes beiim completed by the tissue. One of the obvious limitations with the design 
is that the needle must be completely buried in the tissue to enable the return electrode to 
complete the circuit. Another problem is one of the orientation, even a relatively small 
change in jqjplication angle from the ideal perpendicular contact with respect to the tissue 
suriace, will change die contact area ratio, so that a surgical effect can occur in the tissue 

] 5 in contact with the return electrode.. 

Cavity distension provides space for gairiing access la the operation site, to improve 
visualisation, and to allow for manipulation of tnstiumems. In low vohime body cavities, 
particularly where it is desirable to distend the cavity under higher pressure, fiquid rather 
20. than gas is more commonly used due to better optical charaaeristics, and. because it 
washes blood away from the operative site. 

Convemiond underwater ciecm>$uigeiy has been peiferined iish^ a nonHxmdu^^ 
(such as t.5% glydne) as an trrigant, or as a distensicm medium to eliminate dectrical 
25 conduction losses. Gydne is used in isotonic concentrations to invent osmotic changes 
in the blood when intra-vascular absorption occurs. In the course of an operation, vdns 
mi^ be severed, with resultant infuson of the Bquid into the circulation. vAikh could cause, 
among other things, a dihition of serum sodium which can lead to a condition known as 
water mtoxscation. 



30 



10 
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The applicanis have found that it is possible to use a conductive liquid mediunu such as 
normal saline, in undcnvater endoscopic electrosurgery in place of non^onductive, 
electrolyte^free solutions. Normal saline is the preferred distension medium in undenvatef 
endoscopic surgery when dectrosurgery is not contemplated, or a non^eciiical tissue 
effect such as laser u-eatment is bciraj used. Although normal saline (0.9%w/v: ISOmmoM) 
has an electrical conductivity somewhat greater than that of most body tissue, it has the 
advantage thai displacement by absorption or extravasation from the opeiBiive site 
produces little physiological effea, and the so-called water intoxication eflFeas of non- 
conductive, dectrolyte^firee solutions are avoided. 

Carbon cfioxide is the preferred gaseous distension medium, primarily because of its non- 
toxic nature and high water, sohibiiity. 

In endoscopic procedures in which the distension medium is a gas. the appHcants have 
15 found that it is possible to U5eanrdectricallyH;onductive gas;(such:as:afgon) in pl^ 
carbon dioxide. .Argon isconductive when excited into a: discbai^e state, and has been 
enqrioyed in both endoscopic andxonventionat monopolar electrosurgery as a method of 
increasing the distance between the tissue and the instrument, by provicfing a conductive 
path between the iwt) when high vohage electrosurgical outputs such as spray or fulgurate 

20 are being used. The high voltages used in this application result in a very low penetration 
of th decirosurgrcal effect into the tissue, making the technique only suitable to comrol 
bl edtng from multiple small blood vessds. This allows the surgeon to suumch bleeding 
from multiple sites in a surgical sites in a surgical wound usiiig a rapid •painting^ 
technique, rather than applyiiig electrosurgery to each individual bieedtng site. The argon 

25 gas is delivered through a hollow surgical instrument and passes over the monopolar 
electrode exposed at the tip of the iimrument as a sucam. Thh produces a re^on at the 
operative site which is rich in argon, and which contributes to the distension of the body 
cavity. H^b voltage monopolar dectrosurgical outputs are unitestrable in endoscopic 
surgery, because of the risks of damag^ structures outside the field t^vision, by either 

30 capadtive or direa coupTu^ to a portion of the instrument remote firom the operative site 
often outside the fidd of vision of the operator. 
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The applicants have devdoped a bipolar instrument suitable for undenvater electrosurgery 
using a conductive liquid or gaseous medium. This elearosurgical mstnmient for the 
treatment of tissue in the presence of a fluid medium, conq)tjses an instrument bodv having .7 
a handpiece and an instrument shaft and an electrode assembly, at one end of the shaft. The 
5 electrode assend>ly comprises a tissue treatment (active) dectrode which is exposed at the 
extreme distal end of the instrument, and a return electrode wMch is electrically insulated 
from the tissue treatment electrode and has a fluid comact surftce spaced proximalh' from 
the exposed pan of the tissue uwtment electrode. In use of the instrument, the tissue 
treatment electrode is applied to the tissue to be ueated whilst the return dearode. being 
10 spaced proximally from the exposed part of the tissue treatment dectrode, is normally 
spaced from the tissue and serves to complete an electrosurgical current loop from the 
tissue treatment electrode through the tissue and the fluid medium. This dectrosurgical 
instrument is described in the specification of our European Patent Application 
96918786.1. 

15 

The dectrode stniaure of this instrument, in combination with: an electrically-conductive 
fluid medium; largely avoids^he problems^ expcricnced-with>^.monopolar or bipolar 
electrosurgery. In particular, input power levds arc imich lower than those generally 
' necessary with a monopolar arrangement (typically 100 watts). Moreover, because of the 
20 relatively large spacing between its dectrodes, an improved depth of effect is obtuned 
' compared with convemtond bipolar arrai^ements. 

The spedfication of our Intemationd Patent Application GB96f0l472 dtsctiba an 
irrigated bipolar dectrosurgicd instrument that can be used in open air or gas-filled 

25 environments. Tins instrument indudes an intemd channd for feeding dectrically* 
conductive fluid (typically saline) to the exposed end of a tissue treatment dectrode so as 
to provide a conductive fluid path that completes an dectrical circuit to a return electrode 
when the instrument is in use. Tlus instrument also mdudes an imemal channd for 
removing fluid from the region ofthe exposed end of the tissue treameiitde When 

30 th fluid IS a liquid, sudi as saline, the presence of that liquid can cause coUaterd tissue 
damage, so iu removd is desirable. Tlus type of mstiument is intended primarily for use 
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in open air or gas-filled nvironmems, and is n t suitable for use with dectrosurgical 
procedures which require disten^on of a body cavity. 

However, where the vohime of a body cavity is small - for example m arthroscopic surgery 
5 where even the large joints, such as the knee, may only accommodate 50-60 ml of 
irrigation fluid - the following problems may occur, namely: 

(i) Heated fluid in the immediate vicinity of the tissue comact electrode can cause 
collateral tissue damage; 
10 (H) The products of the tissue vaporised by the tissue contact electrode can cause 
visualisation problems; and 

(iii) Soil tissue presem in a joint space tends to nwve about, making it difficult to apply 
the active dectrode to vaporise such tissue. 

15 An arthroscope electrode may be characterised as short (100 to 140 mm), and ri^d with 
a working diameter up to 5 mm: It can beintroduccd through a stab mdsion imo a joint 
cavity (with or without a cannula) uang the triangulationtedmique: Such an electrode is 
operated with a roodon vAadi moves the electrode between the 9 Clock and 3 O'Clock 
positions on the arthroscopic image. As a result, the dssue to be treated is usually 

20 approached at a shallow working angle with respea to the axis of the electrode. An 
arthroscopic electrode thus needs to have an effect consisicm with this ai^ed approach 
to the tissue. The tissue to be treated, such as meuscal cartilage, is commonly dense and 
f a high electrical impedance. An arthroscope electrode requires output power and 
vohage sellings that reflect the type of tissue being treated, Che azc of dert 

25 to thai afthroscojto arc sccldng a speed ofefiixi comparable to that of th^ 
diaver devices they <wr«rtly employ, albeit with an 
a shaver blade for improved access. 

The mm of the inventbn is to provide an improved dectrosurgical instrumem of this type. 

30 



The present mvcniion provides a eleccrosurgicai mstnuncnt for ihc treatmcm of tissue in 
the presence of an electrically-conductive flwd medium, the instrument comprising an 
instnimem shaft and an electrode assembly at one.end of the shaft; the dectrode assembly 
comprising a tissue treatment electrode and a return electrode which is electrically 

5 insulated from the tissue treauncnt dectrode by means of an insulation member, the tissue 
treatment dectrode having an exposed end for treat'mg tissue, and the return dectrode 
having a fluid contact surbce which is spaced from the tissue treatment dectrode in such 
a manner as to define, in use. a conductive fluid path that completes an electrical circuit 
between the tissue treatment dectrode and the return dectrode, whcrdn the electrode 

10 assembly is provided with a phirality of apertures in the region of the tissue treatment 
dectrode. through which apertures vapour bubbles and/or particulate material can be 
aspirated from the region surrounding the dssue treatment dectrode. 

In a preferred embodiment, the instrument fimher comprises a pump for subjecting the 
IS distal endponion of the mstrumeni shaft to a^subratnrosphOT 

in use, vapour bubbles and/or particulate material through^said apertures from the r^on 
surrounding the tissue treatment electrode, . 

Advantageously, the pump is activated cyclically wherebymatter is aspkated in a pulsed 
20 fashion: The pump may additionally or ahemativdy be activated only when the tissue 
treatment dectrode is powered for tissue vaporisation. 

Preferably, the instrument further comprises an RF generator having a bipolar output 
conneaed to the tissue otatmem dectrode and the return d^^ 
25 may be controfled in dependence upon tfie voltage output characteristics of the RF 
generator. 

The return dectrode is spaced from the tissue treatment decin)de so that, in u^^ 

not contact the tissue to be treated, and so that the dectrical draiii is dways completed 
30 by the conductive fluid, and not simply by anang between the electrodes. In^ 
arrangemem is such that ardng between ad|acem parts of the dectrode assembly is 
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avoided, thereby ensuring that the tissue treatment electrode can become enveloped in a 
vapour pocket so that tissue entering the vapour pocket becomes the preferred path for 
- current to flow back to the return electrode via the conductive fluid. 

5 The electrosurgical instniment of the invention is useful for dissection, resecdon. 
vaporisation* desiccation and coagulation of tissue, as well as for combinations of these 
functions. It has a particular application in arthroscopic surgery as it pertains to 
ndoscopic and percutaneous pixKedures performed on jcmits of the body including, but 
not limited to. such techniques as they appty to the spine and other non-synovial joints. 

10 Anhrpscopic operative procedures may include: panial or complete meniseeaomy of the 
knee jotm inchiding memscal cystectomy; lateral relinacular release of the knee joint: 
removal of anterior aiul posterior cruciate ligaments or remnants thereof; labral tear 
resection, acromioplasty, bursectomy and subacronual decompression of the shoulder joint; 
anterior release of the temperomandibular joint; synovectomy, cartilage dd>ridement. 

15 chondroplasty, division of intra^artiailar adhesions, .fractiire- and tendon dd)ridemenr^u 
applied to any of the synomi joints of the body; inducmg thennal shrinkage of joi^^ 
capsules as a treatment for recmTent disiocation;;'SubhixatJon or repetitive stres 
any aniculated joint of the body; discectomy either in the treatment of a disc prolapse or 
. as pan of a spinal fusion via a posteriororanterior^approach to the cervical thoracic and 

20 hmibar spine or any other fibrous joim for amihr purposes; excision of diseased tissue: and 
haemostasis. 

The instrument of the invention is ateo tisefiii Ibr disseaion, resection, vaporisation, 
desiccation and coagulation of tissue* as wdl as combinations of these (imcdons. with 

2S panicular application in urological endoscopic (urethroscopy, cystoscopy* ureteroscopy 
and nephrosoopy)aiK) percutaneous surgcty. Urolo^cal procedures may mchide: dectro- 
vaporisation of the prostate ^and (EVAP) and other variants of the procedure conunonly 
referred to as transurethral resection of the prostate (TURP) including, but not fimited to, 
interstitial ablation of the prostate gland by a percutaneous or perurethral route whether 

30 performed for benign or maligrumt disease; transuretlnl or percutaneous resecdon of 
urinary tract tumours as they may arise as primary or secondary neof^asms. and forther as 
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they may arise anywhere m the urological tract from the calyces of the Iddn the 
external urethrai meatus; division of strictures as they may arise at the pehmireteric 
junction (PUJ), ureter, ureteral orifke. bladder neck or urethra;,.correptiaQ of uMerocoele; 
shrink^e of bladder diverticular, cystoplasty procedures as th^ pertain to correaions of 
5 voiding dysfunction; thermally induced shrinkage of the pelvic floor as a correcdve 
treatment for bladder neck descent; excision of diseased tissue; and haemostasis. 

Surgical procedures uang the electrosurgical instrument of the invention may also include 
introdudng the electrode assembly to the surreal site, whether through an artifidal 

10 conduit (a cannula) or a natural conduit, which may be in an anatomical body cavity or 
space, or one aeated surgically. The cavity or space may be distended during the 
procedure using a fluid, or may be naturally held open by anatomical structures. The 
surgical site max- be bathed in a contimious flow of conductive fluid such as saline solution 
cither to fill and distend the cavity, or to create a locally-irrigated environment around the 

15 tip of the elecuode asscmbly in a gas filled cavity. The irrigating fluidmay be aspirated 
from the surgical site to remove products created by appUcaiioft of the RF. energy, tissue 
debris or. blood. The procedures rhay -inchide simultaneous^ vicwii^ of the «tc via an 
endoscope, or using an indirect visualisation means. An irrigated bipolar electrosur^cal 
instrument is described in the specification of our International Patent Application 

20 GB96/0I472. 

Advamageously, the exposed , end of the tissue treatment electrode extends laterally 
through a cut-out provided in the insulation member at the distal end portion of the 
instrument, the fluid contact surfecc of the return dectrode overiyirig the insulation 
25 member in the region of the cut-out. 

In a preferred embodiment, a single coiled fllament constiuites the tissue treatment 
elearode. and said apertures are formed in the insulation member, the apertures being 
positioned around, and aijaccnt to, the tissue treatment electrode. Preferably, the filannent 
30 has a diameter h-ing widun the raiM^c of from 0.05 mni to I.O nun. 
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Alternatively, an apertured plate constitutes the tissue treatment electrode, the apertures 
of the plate constituting the apertures through which vapour bubbles wndfor particulate 
tnaterial can be aspirated. The outer smi^ce of said |rfate nu^ be formed iMtb recesses 
adjacent to the apertures. The recesses trap vapour pockets, and so reduce the 
5 vaporisation power threshold of the instiument. 

The tissue treatment electrode may be made of tungsten or of an alloy of tungsten or 
platinum. 

1 0 Preferably, the instamiem further comprises a tube po^oned within the instiument shaft 
for connecting said apertures to the pump. The tube may be a multi-lumen tube, in which 
case it defmes a plurality of channels, the diameter of each of said channels being at least 
equal to the diameter of the apertures in the region of the tissue ueatmeot electrode. 
Alternatively, the instrument further comprises a filter at the distal end of the tube. 

15 

The invention also provides an^ dectrode unit^for an' dectrosurgi^^^^ for the 

treamiem of tissuein the presenceof an efectricaOy^^ct^ the electrode 

uim coniprising a shaft having at one end cneans for connection to an mstrui^ 
and. mounted on the other end of the shaft, an dectrode assembly comprisiiig a tissue 

20 treatment electrode and a return electrode which is dectrically msulated from the tissue 
treatment dectrode by means of an insulation member, the tissue treatment dectrode 
having an exposed end for treatuig tissue, and the return dectrode having a fhiid contact 
surfkre which b spaced from the tissue treatmem dectrode b such a manner a^ 
in use, a conductive fluid path that completes an dectrical circuh between the tissue 

25 treatment electrode and the return dectrode, wherein the dectrode assembly is provided 
with a phirality of apertures in the region of the tissue trcatmeitt dectrode, through whidi 
apenures vapour bubbles and/or particulate material can be aspirated from the re^on 
surrounding the tissue treatment dectrode. 

30 Th invendon fimhcr provides dectrosurpcal apparatus comprisii« a ra^ 

generator and an dectrosurgicai instrument ftir the treatment of tissue in the presence of 
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an dectrically^onductivc fluid medhim, the insmnncrtt comprising an instrument shaft, and 
an electrode assembly at nc end of the shaft, the decirodc assembly compiismg a ussu 
treatment elearode and a return electrode which is dectrieaih* insulated from the tissue . 
treatment electrode by means of an insulation member, the tissue treatment electrode 

5 having an exposed end for treating tissue, and the return dectrode having a fluid contact 
sur&ce which is spaced from the tissue treatmem dectrode in such a manner as to define, 
in use, a conductive fluid path that completes an dectrical circuit between the tissue 
treatment dearode and the return dectrode. and the radio frequency generator having a 
bipolar output connected to the dectrodes, wherein the dectrode assembly is provided 

10 with a phiraBty of apertures in the region of the tissue treatment dectrode, through wHch 
apertures vapour bubbles and/or particulate material can be aspirated from the region 
surrounding the tissue treatment dectrode. 

The invention will now be described in greater detail by way of example, with reference 
1 5 to the drawings, in which:- 

Figure I is a diaararo showing an efectirosuigical appanitus const^ in accordance with 
the invention; 

20 Figure 2 is a diagrammatic side devation of a first form of dearode unit constructed in 
accordance with the invention: 

Figure 3 U an enlarged view, looking in the direction of the arrow A of F^re 2, of part 
of the first form of dectrode uiut: and 

25 

Figures 4 to 6 are diagrammaric side devattons of second, third and fourth forms of 
dectrode imit constructed in accordance with the invemion. 
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Referring to the drawings. Figure I shows dectrosurgical apparatus inchiifing a generator 
I having an output socket 2 providing a radio ftequcicy (RF) output, via a connection 
cold 4, for an instriuncm in thfc form of a handpiece 3. Activation of the generator I ^ 
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be pcrfbroicd from the handpiece 3 via a control connection (not shown) in the cord 4, or 
by means of a footswitch unit 5 connected separately to the rear of the generator I by a 
fooiswiich connection cord 6. In the ilhistiated embodiment, the footswitch unit 5 has two 
footswitches 5a and 5b for selecting a desiccation mode and a vaporisation tnodt of the 
5 generator 1 respectively. The generator front panel has push buttons 7a and 7b for 
respectively setting desiccation and vaporisation power levels, whidi arc indicated in a 
display 8. Push buttons 9 are provided as an altenuittve means for selection between the 
desiccation and vaporisation modes. 

10 The handpiece 3 mounts a detachable dectnxle unit E, such as the electrode units B to E4 
to be described below. 

Figure 2 shou's the first form of dcctrdde unit El for dwachaWe fastening to the 
dectrosurmcal instrument handjriece 3, the dectrode unit comprising a shaft 10, which b 
1 5 constituted by a semi-flexible lube made of stainless steefc or phynox dcaroplaied in> 
copper or gold, with an dcctrodeTOcrobly 12 ata disMi end theceof^^^ other end (not 
shown) of the shaft 1 0, meanRare provided^for connecting ihe^electrodc unit El to the 
handpiece 3 both mechamcally and dectrically. 

20 The RF generator 1 (not shown in Figure 2) delivers an dectrosurgical current to the 
dectrode assembly 12. The generator 1 includes means for varying the delivered output 
power to suit (fiffcrcm dectrosurgical requirements. The generator may be as described in 
the spedfication of our European Patent Application 96304558.8. 

25 The dectrode urat El mcludes an actwe (tissue treatmem) dectrode 14 w^ 

by a curved fenestrated plate made of tungsten or an alloy of tui^slen or platmum. The 
active electrode 14 is fi>nned with a phirafity of fenestrations 14a. and therc^ons I4b of 
the aaivc dectrode adjacem to the fenestrations define cup-shaped recesses (sec Figure 
3). The aaivc dectrode 1 4 is connected to the RF generator 1 via an insulated centrd 

30 copper conductor (not diown). A cerannc insulation sleeve 16 surrounds the central 
conductor, the aaWe dectrode 1 4 extending laterally therefrom through a cut-out 1 6a. A 
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polyicirafluoroethylenc. a polyolefin. a polyester or ethylene teuafluoroethylene) 
surrounds the proximal ponton of the shaft adjacent to the return electrode 1 8. The return 
dearode IS is formed with a hood-like extension 18a which extends over the sunacrbf 
the sleex-c 16 which is opposite to the cut-out 16a. The elearode unit El can. thus, provide 
5 maximum tissue engagement for shallow working angle applications, and is known as a 
side-effect elearode. 

Ttts elearosurjacal instiumenl is paiticulaity useful for rapid tissue ddxilking. One of the 
problems which could be encountered when tissue is rapidly ddnilked uana an 

1 0 arthroscopic electrode ODnfiguration. particularly when working in small joint ^ces. is 
the production of vapour bubbles generated as an end produa of tissue vaporisation. Such 
bubbles obscure vision; and can coalesce at the . site , of tissue appBcation., so that the 
electrical circuit between the aaive and return electrodes becomes compromised by the 
ateence of conductive flukl. Iir^lar acdve electrodes having filamentaiy. mesh or coiled 

IS spring forms go some way to solving this problem, as ithey reduce the vaporisation 
threshoM as" disclosed ?'mr the: spedftatibn ?ofi our tlntemational Patem .Application 
0897/00065 .Another advantage of these electrode forms i*that the bubbles generated , 
by vaporisation are smaller than those formed by solid electrodes. As the brush electrode 
14 of this electrosurgical instrument is of irregular shape, it also has the advantage of 

20 producing relatK ely small vapour bubbles as ihc product of tissue vaporisation. The 
production of vapour bubbles is. however, further reduced as a result of the lower 
threshold power of vaporisation which resulu from use of the electrode unit EI. TUs 
improvement results ftom the hood-Uke extension 18a of the return electrode 18 which 
extends over the bK* of the active decirode 14. TWi reduces the sepwaiion between the 

25 active electrode 14 and the reomidecirode 18. thereby reducing the electrical field an^ 
vaporisation threshold power of the active dktrode. This enhances the speed of 
vaporisadon of the tissue at a fcjwer power than wouM othervnse be required for t^ 
active dectiode area, and hence reduces the formation of vapour bubbles. As the hood-li^^ 
extension 18a extends along the entire lengdi of the acdve electrode 14. a large active 

30 eleaiode size can be supported. des|Hte the reduction in electrode separation. 
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I8a extends atoag the entire lei«th of the active electrode 14. a large acthre dectrode size 
can be supported, despite the reduction in electrode separation. 

In order to reduce fiuiber the problems of vapour bubble production, the electrode unit El 
5 IS provided with a suction pump (not shown) which can remove vapour bubbles via the 
shaft of the instrument through the fenestrations 14a in the active dearode 14 This 
enhances the elimination of vapour bubbles from an operation site, which is particularly 
advantageous during aggressive tissue dcbulking. The suction pump must be controlled so 
that the flow of bubbles through the dectrode 14 is balanced to the voltage output 

10 characteristics of the RF generator I to prevent excessive cooling of the active dectrode 
and a resultant increase in its vaporisation power threshold. The thermal mass of the 
fenestrated actK'e dectrode 14 is lower than that of a solid form active electrode, and this 
asasts in rapidly re-establishing the vapour pocket around the active dectrode should this 
collapse foOowir^ excesave cooling. The cup-shaped recesses I4b in the active dearode 

15 14 hdp to mamtain the vapour pocket by :matning saline despite theihiid flow caused by 
the aspiration of the suction jKmip; The trapped sdine absorbs eneig)^ and so is vaporised 
in preference to the saline ill the fluid flow caused by the aspiration/ 

The robusuiess of the electrode assembly 12 is also impottam in ait^^ 
20 because of the tendency of su^epns to use an electrode assembly as a cold niaiupulator. 
and because of the rigid nature of the tissue to be treated - particularly bone and cartilage. 
The hood-fike extension 18a adds mechanical strei^ to the dectrode assen^ly 12, as it 
extends over the ceramic insulation sleeve 16, theicfayreduciiig the risk of ceramic fiactuie 
and potential breakdown of insulation. 

25 

The electrode unit El is irttended primarily for use in arthroscopic surgery which requires 
rapki tissue debulking by vaporisaCKKL In use. the electn)8urgk:al im 
to introduce the dectrode assembly 1 2 into a sdected operation site (for example, within 
the joim space of a knee), so that the dectrode 14 contacts the tissue to be treated, and 
30 with the tissue and the electrode assembly Hmnersed hi saline. 
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The footswftch 5b (or the push button 7b) is then operated to set the required power level 
for vaporisation. The generator 1 then provides sufficient RF power to the electrode 
assembly 12 to vaporise the safine surrounding the electrode 14. and to maintain a vapour 
pocket surrounding this electrode. Using a bnishing technique, with firm pressure against 
5 the tissue surface, rapid debuDdng of the tissue is achieved. Gently touching the tissue will 
reduce the efiect, and can be used to sculpture and smooth the residual tissue surface. With 
tissue engagement, provided the geometry of the aaive electrode 14 is appropriate for the 
application, the flow of inigant through the active electrode will be reduced^ the amount 
of reduction depending on the nature of the tissue surface, the application pressure and the 

10 sucdon pressure. Speed of debutking will, therefore, depend on these variables. Once the 
vaporisation occurs, the produas will include vapour bubbles, carbon particles and tissue 
debris. All of these products are removed from the region of the aaion dectrode 14 by 
aspiration caused by the suctiorr pump. The fenestrations 14a are positioned so that 
vaporised tissue is drawn into the instrument, and then evacuated through the mstrument 

IS shaft 10. by the aspiration of the suction pump. 

The electrode unit £1 is also very effecdve in removing heated saline (distension fluid) from 
within a joint cavity. The risk of hot distension fluid occurs primarily during power 
application to reach the vaporisation, threshold. Once the threshold has been reached, the 
20 power requirement falls by 30-50%. 

Whilst aspiration through the aaive electrode 14 will remove heated saline from the body 
cavity, and remove any risk of overheating through prolonged activation under conditions 
where the vaporisttton threshokl is not reached, the coofing eSfect and disruption of viqxNir 

25 pockets created around the active dectiode wili increase the vaporisation threshcAL A 
vicious cycle can, therefore; be created, wherein the nuxe suction applied through the 
dectrode 14, the nm power required to reach the vaporisation thresho 
the risk of heatir^. The other ftctor influencing the vaporisation threshold is the ratio of 
return acthmcontaa area, and the insuhdion separation between the two dectrodes 14 and 

30 18. The size of the active dearode 14 and the insulation separation oust, therefore^ be 
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reduced to the ininiimiin necessaiy to achieve the function in order to ofiet the ^ects of 
aspiration in elevating the power threshold of vaporisation. 

y 

Th specification of our Intemationat Patent Application GB97A)0065 discloses techniques 
5 for controlling the vaporisation threshold by employing active electrode designs which 
assist in capturing vapour pockets and preventing cooling of the active electrode 
application site by screening from the flow of irrigant provided by channels in an 
endoscope. The fenestrated electrode 14 of Figure 2, which is reminiscent of a grater in 
vfhkh the holes are punched outwards from the inside, provides both the aspiradon holes 
10 14a and the areas 14b where the vapour pockets may be trapped, to reduce the 
vaporisation power threshold. 

An alternative or supplementary method of reducing the vaporisation power threshold is 
to pulse the suaton pressure, thereby allowing the threshold to be attained between pulses. 
15 Such pulses nuiy be synchronised withtheoutpm features of the RFgene^^^ I, bothfor 
safety reasons (if there b an^ocdusion of the^^suctibn diannd)i''a^ power bursts 

during active sucuon to sustainithe vapourr pocket; andidear any. t^ 
fenestrations 14a in the active electrode 14. 

20 A known techroque in anhroscopic surgery is to apply suctk>n throtigh a mecbanicat 
tissueHnbbBi^ device, so that sdl tissue present in the joint space* such as the infifapatdhu* 
hi pad, can be held tn position within the nibbler jaws by suction wiulst it is progressively 
"nibbled" away. 

25 Attractii^ tissue to the active electrode 14 of the dectrode unit £1 has a similar effect as, 
for the reasons already given above, compliant tissue adhering to the active dectrode wiD 
result in a reduaion of the vaporisation power threshold. Adherem tissue will be rapidly 
vaporised, and snuUI nssue partkdes produced during vaporisation will be aspirated firom 
the plication site. 



W097AC8346 VCTfGBrfmt€31 

17 

Because of its speed of debulidng and side-effed configuratton, die electrode unit EI also 
has advantages in urdogical surgery as an EVAP technique for use tn coqunction with a 
resectoscope. A resectoscope electrode unit is introduced very fiffereotly, in that it is 
mounted on an endoscope ptior to passage of the assembled instrument through a working 
S sheath introduced via the urethra. The proximal end of the electrode unit is connected to 
a trigger assembly and an dectrica! contact which is integral with the resectoscope. By this 
means, the elearode unit El can be moved back and forth through a d^ed range of 
motion by operating the trigger mechanism. As the electrode unit El is assembled prior to 
introduction* the size of the tip is not constrained by woricing channel dimensions* but 

10 rather by the diameter of the working sheath which can be up to 10 nua Part of this 
diameter is occupied by the support wires to the electrode unit El, virhich wires are 
commonly bent in a downward angle» with respect to the endoscopic image, to the working 
tip, so that they do not interfere with either visualisation or its operation- The electrode 14 
can have a length lying within the range of from 3 mm to 4 mm and a width )yms in the 

15 rangeoffrom 2 mm to J mm» and thissizeis 

on average, 20-30 graim& ofprosute tissue must be removed, 

Because rfthe reservoir effect of the urinary bladder, and the mounting of the endoscope 
to view the tip of the aaive elecnrodc 14 from below, bubble generation during 
20 vapcmsatbn is less of a proUem during endoscopic urotogy. as the bubbles flow away from 
die endoscope to accumulate in the bladder Nevertheless, the use of the electrode unit £1 
substantially reduces the possibility of bubble generation causing problems. 

Although the electrode unit El is intended primarily for use in the vaporisation of tissue, 
25 it can also be used for desiccation^ particularly of synovial membranes or to separate 
musdeanachments. In tlus case, once the dectrode assembly 12 has been introduced into 
a selected operation site, the RF generator I is actuated using the footswitch 5a or the 
push button 7a to set the required power levd for desiccation. The generator 1 win then 
pnnnde sufficient RF power to the dectrode assembly 1 2 to maintun the saline adjacent 
30 to the fenestrmed electrode 14 sid>stamially at iubotliiig point wit^ 
pocket surroundii^ tim clecnmleL The instrumem can then be nniu^ 
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electrode 14 across the surface of the tissue to be treated in a side*to-side "painting'* 
technique. 

The electrode unit El can also be used for delivering a blended power output. This is 
S achieved by automatically altemattQg the output of the RF generator 1 between the 
desiccation and vaporisation power levels* so that more haemostasis is produced then is 
possible in the vaporisation mode. As a consequence, the speed of tissue debulking is 
reduced, but the increased haemostasis is useful when cutting or debuUdng vascular tissue 
smictures. Alternatively, the output of the RF generator 1 can be pulsed at the vaporisation 
10 power level, without cycled activation of the desiccation mode. This produces a less 
aggressive tissue vaporisation than occurs in the vaporisation mode, with a consequent 
reduction in both bubble.formation and the risk of tissue charring. 

Figs 4 to 6 show elecmxie units E2 to E4 which are modified versions of the electrode unit 

15 El. Accordingly, like reference numerals ? will: be rused-rforvU 

mocfificatk>ns will be descrifa^la detairt-ThuSi the aaivetdectrodes^ unit 
E2 is a coBed spring electrode moumed:within.thecut^out;l6a:i:Tbe:c(^^ 
14 is made of tungsten or an aOoy of tungsten or platinum, and its prosdmal end is 
r connected'to the RF generator l;via an insulated'central:^ 

20 The electnxie unit E2 is. however, provkled with fenestnoxxis 1 6b formed in the insulation 
sleeve 16, the fenestratrons 16b beii^ positioned all around, and adjacent to, the active 
electrode 14. These fenestratbns 16b amoitute the aspiratkMipathw^fiirvapoitr bubbles, 
tissue and debris to be extracted, thereby enhancing the estaUidunent of vapour pockets 
n the active electrode surfitce, and the inclusion of good vaporisation threshold 

2% properties, whilst ensuring good extraction of heated saline. The fenestrations 16b are 
positioned sufiBciently close to the active dectrode 14 to ensure that substantially all 
vaporised tissue is drawn into the instrument, and then evacuated throi^ the instniment 
shaft 10, by the aspiration of the suction ptmip. In a modiCed version of tins embodiment, 
the adjacent nims of the coiled spring dectrode could define additional fenestratioiis for 

30 assisting with the aspiration of vapour bubbles, carbon particles and tissue debris. 
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The electrod unit E3 of Figure 5 has a *grater" adive electrode 14 similar to that of 
Figures 2 and 3. The instnitnem shaft 10 contains a multi-lumen tube 22 which defines a 
plurality of aspiration channels 24. The active electrode 14 is connected to the RF 
generator I by means of an insulated copper conductor 26. This embodiment has the 
5 advantage that, if a bohis of saline obstructs one or more of the channels 24, vapour can 
still be aspirated through the residual "^open** channels 24. In this case, the bore of each 
channel 24 must not be narrower than the fenestrations 14a in the active electrode 14, 
thereby preventing obstniction of the channels by particulate debris generated at the tissue 
application site. 

10 

The electrode urut E4 of Figure 6 inchides a single-lumen oibe 22 provided with an integFai 
filter 28 at the distal end thereof The fiher,28 prevents obstruction of the hmien tube 22 
by particulate dd>ris generated at the tissue application site. Alternative^; the filter 28 
could be fonned integrally within the insulation sleeve 1 6 at the distal end of the tube 22. 
1 5 Again; the^ filter 28: could conq>riser a;nieshthayir^T^smdli'poa;siz& foi^'prefei^^ 
aDowiiig de-gasang of thrvaporistfoa'products^^sl^ACCumidating solid material on the 
filter. In thist^case; gaseousrextractiott^^will ;be>fadiiM 

single-lumen aspiration tid)e 22 can be constructed to whhstand large vacuum pressures 
withoutcoilapsii^ Here again, the active dectrode l4Js co^^ 
20 I by means of an insulated copper conductor 26. 

Each of the elearode uruts El to E4 has the additional advantage that the aspiration in the 
region of the active electrode 14 restricts the flow of convection currents in the saline 
surroundmg the electrode assembly 12. As the power threshold required to reach 

25 vaporisation is dependent on the power dissipation ofthe active electrode Handtheflow 
characteristics around it, the power threshold b dependent upon the nMixhmnn rate of 
convection. Consequently, the restriction of the convection currems reduces the power 
threshold, and tMs is advasK^eous as it enables the use of a dieap^ 
as avoiding problems sudi as di s s ipattan witiun the instrument, and catastropUc 

30 overiieattng of the active dectrode. It also ftidfitates contrd of the generator onoe 
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vaporisation commences. The tmponance of power thresh Id of vaporisation is discussed 
in greater detail in the specification of our International Patent Appfication GB97/00065. 

Another advantage of these electrode units is that in use, the active electrode 14 faces 
5 down, so that saline heated thereby rises to the return electrode 18. This leads to a 
reduction of impedance throughout the circuit, and hence to a reduction of the heat 
dissipation in the saline path. 

It wiD be apparent that modifications could be made to the embodiments described above. 
10 For example, the lumen tubes 22 of the embodfanents of Figs 5 and 6 could be used whh 
the electrode assen4>ly 12 of Figure 4, that is to say with the fenestrated insulation sleeve 
embodiment. It would also be possible to make the insulation sleeve 16 of each of the 
embodiments of a silicone rubber (such as a silicone poiyurethane), glass, a polyimide or 
a thermoplastics material. 

15 

Throughout this spedfication; th^erm- spun^^^shouldbe/C^ 
controlled vacuum source. 
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CLAIMS 

1 . An electrosurgical instniment for the treatment of tissue in the presence of an 
electricaliy*conducttve fluid mediunu the instniment comprising an instiumem shaft and 

S an electrode assembly at one end of the shaft, the electrode assembly comprising a tissue 
treatment electrode and a return electrode which is electrically insulated from the tissue 
treatment electrode by means of an insulation member, the tissue treatment electrode 
having an exposed end for treating tissue, and the return electrode havmg a fluid contact 
surface which is spaced from the tissue treatment electrode in such a manner as to define, 
10 in use, a conduaive fluid path that completes an electrical circuit between the tissue 
u^eatment electrode and the return dearode, where'm the electrode assembly is pro\ided 
withaphjrality of apertures in the region of the tissue treatment electrode* through \\1iich 
apertures vapour bubbles and/or paniculate material can be aspirated from the region 
surrounding the tissue treatment electrode. 

15 

2. An electrosurgicai<ih5tnnneiitraffdaimed' in^daim: J^kftuther compristiig^ a- pump for 
subjecting tbe.dista( end portioii of :tbeinstiuflnem,shaitto.asub^ 

thereby to aspirate, in use, vapour bubbles and/or particulate material through said 
apeinires from the region surrounding the tissue treatment electrode. 

20 

3. An dectrosuigical instrument as claimed in daim 2. wherdn die pump is activated 
cyclically whereby matter is aspirated in a pulsed ftsluon. 

4. An dearosurgical instrumem as datmed in daun 2 or claim 3» wheretrt the pump 
25 is activated only when the tissue treatment dectrode is powered for tissue vaporisation. 



5. An dectrosurgical instrument as claimed in any one of daims 2 to 4, further 
comprising an RF generator having a bipolar output connected to the tissue treatment 
electrode and the return dectrode. 
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6. An electrosurgicai iimnnhent as daimed in claim 5, wherein the pump is controlted 
tn dependence upon the voltage output characteristics of the RF generator. 

7. An electrosufBicai instrument as daimed in any one of daims 1 to 6, wherein the 
5 exposed end of the tissue treatment dectrode extends lateraDy through a cut-out provided 

in the insulation member at the distal end portion of the instniment, the fluid contact 
surfiice of the return dectrode overlying the insulation member in the region of the cut-out. 

8. An dcctrosurgical insuumem as claimed in claim 7« whmin a single coiled filament 
1 0 constitutes the tissue ueatment dearode. 

. 9. An electrosurgicai instrument as claimed in dairo 8^ whercin said apertures are formed 
in the insulation member, the apenures being positioned around; and adjacem to« the tissue 
trcaimem dectrode. 

15 

10. An decu^osur9catmstiumeniasdaimed^tii:ddm^8>^ 

has a diameter lymg within the range of from 0^05 mm to . 1.0 mm. 

11. An::dectrosuigical:instrument as daimed in clann ?. wherdn an apemired pbte 
20 constitutes the tissue treatment dearode. the apertures of the plate, constituting the 

apertures through which vapour bubbles and/or particulate material can be aspinoed. 

12. An dectrosurgicai instniment as claimed in daim 11, wherein the outer surftce of 
said plate is formed with recesses adjacem to the apertures. 

25 

13. An dectrosurgicai instrument as daimed in any one of daims I to 12, wherein the 
tissue treatment dectrode is made of tungsteiL 



14. An decoosurgicd instrument tsdainied in any one of daims I to 12. wherein the 
30 tissue treatmem electrode Is made ofan alloy of tungsten or platnmm. 
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1 5. An dectrosufgjcal instrnment as daimed in claim 2, or in any one of claims 3 to 14 
when appendant to claim 2. further comprising a tube positi ned witWn the instnimem 
shaft for connecting said apertures to the pump. 

5 16. An electrosurgtcat instrument as claimed in claim 15, wherein the tube is multi- 
lumen tube. 

17. An electrosurgical instrument as daimed in daim 16. wherein the multi-lumen tube 
defines a plurality of channds, the diameter of eadi of said channds bdng at least equal 

1 0 to the diameter of the apertures in the r^ion of the tissue treannent dectnxle. 

18. An dearosur^ insuumcnt as claimed in daim 1 5. fiinhcr comprising a filter at 
the distal end of the tube. 

15 19: Andcctn)dcuratfi>randecux)SUi8Min^^ 
presence of aii?dectricdlyK»nductivc»fltti*^^ 

having at one end means for^oonectioaMo an instrument handpiece, and, mounted on the 
other end of the shaft, an dcctrode assembly comprising a tissue treatment dectrode and 
a return dectrode which is dectricafly insulated fr^^ 
20 means ofan insulation member, the tissue treatment dectrode having an exposed CT^ 

treating tissue, and the return dectrode having a ftrid contact surface which is spaced from 
the tissue treatmem dectrode in such a manner as to define, m use. a condurt 
that coinpletes an dcctricd drarit bctwrccn the tissue treatmem dcctiD^ 
dectrode, whcrcm the dectrode assembly is provided with a plur^ 
25 region ofthc tissue treatment deorodeiiroughwlttchapertw 

particulate material can be aspirated firom the re^n surrounding the tissue treatment 
dectrode. 



30 



20 An dectrode unit as daimed in claim 1 9, further comprising a pump for subjecdng 
the distal end portion of the mstiumem shaft to a sub-atmospbcric pressure thereby to 
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aspirate, in use. vapour bubbles and/or particulate material through sud apertures from the 
region surrounding ihe tissue treatment electrode. 

21. An elecunde unit as claimed in claim 20. wherein the pump is aaivated (^dicalty 
S whereby matter is aspirated in a pulsed ^hion. 

22. An elearode unit as claimed in claim 20 or daim 21, wherdn the pump is activated 
only when the tissue treatment electrode is powered for tissue vaporisation 

10 23. An decu^ode unit as claimed in any one of claims 20 to 22, fiinher compris'mg an 
RF generator having a bipolar output connected to the tissue treatment electrode and the 
return electrode. 

24, An electrode unit as claimed in claim 23, wherein the pump is controlled in 
1 S dependence upon the voltage output characteristics of the JU*. generator. 

25. Electrosyrgical apparatus - comprising. a radio, frequency generator and an 
electrosur^cal instrument for the treatment of tissue in the presence of an dearically- 

- conductive fluid medium, the instrtunent comprising an instrument shaft, and an electrode 
20 assembly at one end of the rfiaft, the electrode assembly comprising a tissue u^tment 
electrode and a return electrode which is electrically insulated from the tissue treatment 
electrode by means of an insulation mender, the tissue treatment electrode having an 
exposed end for treating tissue, and the return electrode having a fluid comact sufikce 
wfoch is spaced from the tissue tfvatroem dectrode in sudi a inanner as to d 
25 a conductive fliud path that coinpletes an dectricd circuit between the ti^ 

electrode and the return dectrode. and the radio frequency generator having a bipolar 
output connected to the dectrodes, wherdn the dectrode assembly is provided whh a 
plurality of apertures in the region of the tissue treatment dectrode, throu^ which 
apertures vapour bubbles and/or particulate materid can be aspirated from the r^on 
30 surrounding the tissue treatmem dectrode. 
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26. Elccirosurgical apparatus as claimed in claim 25, further comprising a pump f r 
subjecting the distal end portion of the mstrument shaft to a sub-atmospheric pressure 
thereby to aspirate, in use, vapour bubbles and/or particulate material through said 
apertures from the region surrounding the tissue treatment electrode. 

5 

27 Elccirosurgical apparatus as claimed in claim 26, wherein the pump is activated 
cyclically whereby matter is aspirated in a pulsed fashion. 

28 . Electrosurgtcal apparatus as claimed b dasm 26 or daim 27, wherein the pump is 
10 activated only when the tissue treatment dectrode Is powered for tissue vaporisation. 

29 Hecirosurcical apparatus as claimed in daim 28, wherdn the pump is comroUed 
in dependence upon the voluge output characteristics of the RF generator. 



15 
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